Background. Tuberculosis has been associated with an increased risk of cardiovascular disease (CVD), including acute myocardial infarction (AMI). We investigated whether latent tuberculosis infection (LTBI) is associated with AMI.
It is estimated that approximately 1.7 billion persons worldwide have latent tuberculosis infection (LTBI) [1] . Persons considered at increased risk for progression to active tuberculosis disease-such as those living with human immunodeficiency virus (HIV), close tuberculosis contacts, transplant recipients, patients starting anti-tumor necrosis factor treatment, patients receiving dialysis, and patients with silicosismay be screened and offered preventive therapy based on World Health Organization recommendations and/or local tuberculosis prevention guidelines [2, 3] . In settings with a low tuberculosis burden, additional risk groups may be considered for LTBI screening, including prisoners, immigrants from areas with high tuberculosis prevalence, healthcare workers, homeless persons, and illicit drug users [2] . Nevertheless, the vast majority of LTBI cases remain undiagnosed and therefore untreated.
In the past, LTBI has been considered a state of mycobacterial dormancy. However, studies in recent years have shown that mycobacterial subpopulations may actively replicate during latency, leading to dynamic and widely diverse host immune responses that vary over time [4] [5] [6] . Compared with findings in healthy controls, LTBI has been associated with enhanced lymphocyte and monocyte immune activation [7] [8] [9] . Although immunologic responses against Mycobacterium tuberculosis in the host prevent the development of active tuberculosis disease, the potential negative consequences of the associated persistence of immune activation in LTBI are unknown.
Immune activation is a well-recognized driver of atherosclerosis and cardiovascular disease (CVD). Chronic infections such as HIV have been associated with sustained immune activation and increased risk of CVD [10, 11] . Recently, tuberculosis disease was associated with an increased risk of acute myocardial infarction (AMI), ischemic stroke, and peripheral artery disease [12] [13] [14] [15] . No studies, to our knowledge, have explored the relationship between LTBI and CVD. We aimed to assess whether LTBI is associated with AMI.
METHODS

Study Design and Participants
We conducted a case-control study of adult patients with and without history of recent type 1 (spontaneous) AMI. Case patients were recruited from inpatient cardiology and internal medicine units at Hospital Nacional Dos de Mayo (hospital 1) and Hospital Nacional Edgardo Rebagliati Martins (hospital 2) networks in Lima, Peru, between July 2015 and March 2017. Controls were recruited from the same inpatient units as well as outpatient medicine clinics in both hospital networks. Case patients were patients who had a first-time diagnosis of AMI within the past year. AMI was defined based on the third universal definition of myocardial infarction [16] and had to be documented by ≥1 cardiologist in the patient's medical record. Thus, AMI was defined as a rise and/ or fall of cardiac biomarker values with ≥1 value 3 times the upper limit of normal and ≥1 of the following criteria: (1) symptoms of ischemia, (2) compatible electrocardiographic changes (new ST-T changes or new left bundle branch block, or pathologic Q waves), and (3) intracoronary thrombus demonstrated with percutaneous coronary angiography.
Patients with AMI events secondary to ischemic imbalance (type 2 AMI), AMI events resulting in sudden death when cardiac biomarker values were unavailable (type 3 AMI), AMI events related to percutaneous coronary angiography (type 4a AMI), coronary stent thrombosis (type 4b AMI), or coronary artery bypass graft (type 5 AMI) were excluded. Controls were persons ≥40 years old who did not have a current AMI or a history of AMI, nor a history of stroke, transient ischemic attack, or peripheral vascular disease. We restricted controls to patients ≥40 years old because AMI case patients were expected to be in this age group. Exclusion criteria for case patients and controls were history of HIV infection, history of tuberculosis disease, history of LTBI treatment, suspected active tuberculosis disease based on cough or subjective fever for ≥2 weeks, unexplained significant weight loss, or recent documentation of clinical and/ or radiologic suspicion of tuberculosis disease in the patient's medical record.
Study personnel reviewed medical records, communicated with medical providers at the study sites to inquire about potential study candidates, and visited the inpatient wards and outpatient clinics an average of once or twice a week during the study period. Study participants provided clinical information, and a blood sample for QuantiFERON-TB Gold In-Tube (QFT) testing to identify LTBI.
Study Entry Questionnaire and Record Review
Study personnel administered the study questionnaire. Participants were asked about their age, sex, race, region of residence, and occupation; history of incarceration or known tuberculosis contact; history of hypertension, dyslipidemia, or diabetes; current tobacco use; obesity (defined as a body mass index ≥30 kg/m 2 ); known family history of coronary artery disease (CAD); history of cancer; history of immunosuppression; and history of end-stage renal disease requiring dialysis. Study personnel reviewed the medical records of study participants to confirm the accuracy of self-reported history of hypertension, diabetes mellitus, dyslipidemia, cancer, immunosuppression, and end-stage renal disease. In case of discrepancies between self-reported history and medical records, we used the medical record information to define these comorbid conditions. We also reviewed medical records to extract available height, weight, and fasting lipid profile results including total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglyceride levels (in milligrams per deciliter). For case patients, we also extracted information on the number of coronary vessels affected by CAD if percutaneous coronary angiography had been performed as part of the current AMI management by the time of record review.
QFT Testing
Testing for LTBI was performed using QFT, according to the manufacturer's specifications [17] . A research laboratory technician trained in the QFT assay performed the analyses.
Statistical Analysis
We summarized categorical variables using percentages, and numeric variables using median and interquartile ranges (IQRs). We used χ 2 and Mann-Whitney-Wilcoxon tests for comparisons of categorical and numeric variables, respectively. We used logistic regression modeling to estimate the odds ratio (OR) of having LTBI in AMI case patients versus non-AMI controls, with adjustment for covariates. ORs were reported with 95% confidence intervals (CIs). For the final logistic regression model, AMI was entered as the dependent variable. The main independent variable was LTBI. The final model was adjusted for known CVD risk factors, as follows: age, sex, hypertension, dyslipidemia, diabetes, obesity, tobacco use, and family history of CAD. Additional variables that were significantly associated with either AMI or LTBI in univariate analyses were entered into the final regression model. We analyzed all data using Stata software (version 12.0; StataCorp). All P values were 2 tailed. We considered P < .05 as the level of statistical significance.
Ethical Considerations
The study was approved by the ethical committees and institutional review boards of the University of Kentucky in Lexington, the University of Cincinnati in Cincinnati, Ohio, Hospital Nacional Dos de Mayo in Lima, Peru, and Hospital Nacional Edgardo Rebagliati Martins, also in Lima. All participants signed written informed consent forms.
RESULTS
We enrolled 105 AMI case patients and 110 non-AMI controls during the 21-month study period. Table 1 shows the demographic and clinical characteristics of the study population. No significant differences were found between AMI case patients and non-AMI controls in terms of age, Hispanic race/ethnicity, hypertension, dyslipidemia, diabetes mellitus, or obesity. There were significantly more men and tobacco users among AMI case patients. Overall, men were more likely than women to use tobacco (39% vs 11%; P < .01). For case patients, the median interval between AMI diagnosis and study enrollment was 9 days (IQR, 5-21 days).
Complete fasting lipid profile results were available for 66 (63%) of the AMI case patients and 47 (43%) of the controls. Among these participants (n = 113), HDL levels were lower in AMI case patients than in non-AMI controls (median [ Of the 215 study participants, 120 (56%) had a positive QFT test results and therefore were classified as having LTBI. One participant (0.5%) in the control group had an indeterminate QFT result and therefore was excluded from further analyses. LTBI was more frequent among AMI case patients than among non-AMI controls (64% vs 49%; P = .03; OR, 1.86; 95% CI, 1.08-3.22). Of the 105 AMI case patients, 52 (50%) had available percutaneous coronary angiographic results at the time of study entry. The median number of coronary vessels with any degree of CAD was 2 (IQR, 2-3). There were no significant differences in demographic or clinical characteristics between participants with or without LTBI ( Table 2 ). The rates of LTBI did not differ significantly between hospitals 1 and 2 (53% vs 60%; P = .34). Because controls were recruited from inpatient wards (75%) and outpatient clinics (25%), we estimated LTBI rates for both subgroups and found no significant differences (49% vs 46%; P = .79). Complete fasting lipid profile results were available in 65 (54%) of participants with LTBI and 47 (50%) of those without LTBI. There were no significant differences in total cholesterol, HDL, LDL, or triglyceride levels by LTBI status.
In multivariable analysis, AMI was associated with increased odds of LTBI after adjustment for age, sex, hypertension, dyslipidemia, diabetes mellitus, current tobacco use, obesity, and family history of CAD (adjusted OR, 1.90; 95% CI, 1.05-3.45). This final model fit the data well (Hosmer-Lemeshow goodness-of-fit test, P = .24). The complete results of the final logistic regression model are shown in Table 3 . In models that assessed for potential effect modification of sex and tobacco use, we found no significant interaction between sex and LTBI (P = .12), nor between tobacco use and LTBI (P = .62).
DISCUSSION
We demonstrated in this case-control study that recent AMI was independently associated with an approximately 2-fold increased odds of LTBI, after adjustment for established CVD risk factors and other potential confounders. As expected, known CVD risk factors such as male sex and tobacco use were also associated with AMI. To our knowledge, this is the first study to assess the relationship between LTBI and CVD.
Tuberculosis disease has been associated with an increased risk of acute coronary syndrome, ischemic stroke, and peripheral artery disease in large population-based retrospective cohort studies. In Taiwan, the adjusted risk of AMI and unstable angina was 1.4 times higher in persons with tuberculosis disease than in those without tuberculosis disease [12] . Similarly, the adjusted risks of ischemic stroke and peripheral artery disease were 1.5 and 3.9 times higher, respectively, in patients with tuberculosis disease than in controls without tuberculosis disease [13, 15] . Of note, the reference population for these studies did not differentiate between persons with and those without LTBI. We recently reported an almost 2-fold increased risk of AMI in persons with history of tuberculosis disease, compared with propensity-matched persons without a history of tuberculosis disease in the United States [14] . Persons with known LTBI-related claims were excluded from the aforementioned study; however, it is unlikely that all persons with LTBI would have been removed from the reference group, because LTBI testing is not universal. Whether LTBI and tuberculosis disease affect CVD risk similarly or in an incremental, stepwise fashion could be explored in future studies. Infection may contribute to atherogenesis and acute cardiovascular events through different mechanisms [18] . Similar to what has been described in other chronic infections, such as HIV infection [10] , persistent immune activation related to intermittent low level microbial replication is a possible driver of the association between LTBI and AMI [19] . Supporting this hypothesis, studies indicate that there is ongoing M. tuberculosis replication and metabolic activity during LTBI [4, 5] . Contrary to the former view of LTBI as a state of mycobacterial dormancy, LTBI is now recognized as a continuous spectrum of host-pathogen interactions in which replicating and metabolically quiescent mycobacterial populations coexist and are constrained by variable host immune responses within each granuloma [6, 20] .
Study findings have also suggested that persons with LTBI may have elevated levels of immune activation markers and proinflammatory cytokines in peripheral blood. For instance, a study in Norway showed that LTBI was associated with increased serum levels of interleukin 1β, 6, and 22 and tumor necrosis factor α [7] ; however, this finding has not been replicated in other studies. In India, LTBI was associated with higher levels of monocyte/macrophage activation markers and chemotactic mediators, such as CD14, CXCL3, CCL2, and CCL8 [21] . We recently reported a subtle increase in plasma interferon γ levels in persons with LTBI in the United States, compared with controls without LTBI [9] . Furthermore, studies using RNA sequencing of peripheral blood cells have shown that persons with LTBI who progress to tuberculosis disease overexpress genes involved in interferon responses [22] , indicating that this subset of high-risk patients with LTBI may have enhanced systemic immune activation several months before developing clinical tuberculosis disease.
Wergeland et al [23] showed a trend toward increased expression of the T-cell activation markers HLA-DR and CD38 in CD4 + and CD8 + T cells of patients with LTBI, compared with healthy controls; however, the observed differences were not statistically significant. In a study of HIV-infected patients, CD38 expression in CD4 + and CD8 + T cells was significantly elevated in LTBI/HIV coinfection, compared with HIV monoinfection [8] . Although these data suggest that immune activation is present in at least certain subsets of patients with LTBI, these studies have been limited by small sample sizes and lack of adjustment for potential confounders. There is a need for larger studies aimed at characterizing immune activation in LTBI and its potential role in CVD. In addition, the effect of LTBI treatment on immune activation requires further attention, because changes in T-cell responses to specific M. tuberculosis antigens occur through the course of LTBI treatment [24, 25] . Another potential contributory mechanism of LTBI to AMI is molecular mimicry between mycobacterial heat shock protein 65 and human heat shock protein antigens causing autoimmune responses and atherogenesis [26] [27] [28] . Another possible mechanistic link between tuberculosis and CVD may involve the accumulation of lipids within macrophages, an early step in the development of atherosclerosis. M. tuberculosis promotes intracellular accumulation of lipids and favors a foamy macrophage phenotype suitable for mycobacterial growth and persistence [29, 30] . In the guinea pig model, experimental infection with M. tuberculosis was associated with increased lung and tissue levels of oxidized LDL, and increased expression of the scavenger receptors CD36 and lectinlike oxidized LDL receptor 1 in the macrophage [31] . Remarkably, these receptors are closely involved in the pathogenesis of atherosclerosis and CVD [32, 33] .
Whether the lipid changes induced by M. tuberculosis within the macrophage contribute to systemic atherogenesis in the vascular tissue could be explored in future studies. Of note, our group [9] previously reported no differences in circulating levels of total cholesterol, HDL, LDL, or triglycerides among persons with and without LTBI. In this study, we found similar results; however, complete lipid profiles were available in only a subset of participants. Furthermore, lipid profile results among AMI case patients may have been affected by recent AMI diagnosis and treatment. Therefore, these results need to be interpreted with caution. Finally, it is also possible that the increased rate of LTBI among AMI case patients could be a surrogate marker of unfavorable sociodemographic conditions not measured in the current study. CVD and atherosclerosis risk factors are associated with low socioeconomic status and uninsured populations [34] , similar to what happens in LTBI and tuberculosis disease. Our study had limitations. First, the study groups were unbalanced with regard to important established CVD risk factors, such as male sex and current tobacco use. Although the association between LTBI and AMI remained present even after adjustment for these and other potential confounders, a residual confounding effect of such risk factors cannot be fully excluded. In addition, because most controls were recruited from general medicine units where diabetes mellitus is prevalent, this comorbid condition was common among controls. This may explain the low but nonsignificant OR of diabetes in AMI. Interestingly, diabetes has been associated with a small increased risk for LTBI [35] ; therefore, the elevated prevalence of diabetes among controls could have biased the relationship of LTBI and AMI toward the null hypothesis. Future studies should balance a priori these important factors among comparison groups.
Second, LTBI was diagnosed using the QFT test, which measures the host immune response to M. tuberculosis antigens, and can produce false-positive and false-negative results. However, the QFT assay is more specific than the tuberculin skin test and is therefore particularly helpful in settings where BCG vaccination is common, such as Peru [36] . In addition, prior studies using the QFT test in Lima, Peru, estimated LTBI rates of 55% among household contacts of patients with tuberculosis [37] and 49% among diabetic patients attending outpatient clinics [38] . Thus, our LTBI rate of 49% in the control group falls within an expected range. Furthermore, our rate of indeterminate results (0.5%) was very similar to what has been reported in large population-based surveys, such as the US National Health and Nutrition Examination Survey (0.3%) [39] , indicating good performance of the QFT test in our study setting. Third, our cross-sectional study design did not allow for a temporal analysis of the relationship between LTBI and AMI. However, because the majority of case patients were recruited shortly after their first AMI event (median interval, 9 days), and considering the 6-12-week lag between M. tuberculosis infection and a positive QFT assay result, it is very likely that the diagnosis of LTBI preceded the diagnosis of AMI.
In conclusion, we found that LTBI was independently associated with AMI. Because LTBI is common in many settings, and because the occurrence of additional (established) CVD risk factors is on the rise worldwide, the potential contribution of LTBI in the CVD epidemic should be further explored. Our results have potential clinical and programmatic implications, because LTBI is a common condition that often remains unrecognized and untreated, particularly in settings with a high tuberculosis burden. Studies on the pathogenic mechanisms driving this association and the potential beneficial role of LTBI treatment are needed. Potential conflicts of interest. C. J. F. has received research support to the University of Cincinnati from Gilead, Pfizer, BMS, ViiV, Janssen, CytoDyn, Amgen, and Merck. All other authors report no potential conflicts. All authors have submitted the ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts that the editors consider relevant to the content of the manuscript have been disclosed.
